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(54) Fuel injection system 

(57) A fuel system for use in an internal combustion 
engine, the fuel system comprising a source (1 0) of high 
pressure fuel for supplying fuel through a single fuel sup- 
ply path (14) to an injector (12) for injecting fuel, a first 
valve arrangement (16) for controlling initiation of fuel 
injection and a second valve arrangement (1 8) arranged 



in the fuel supply path (14), comprising a valve member 
(20, 40, 60, 160, 260, 360) which is operable between 
first and second positions to vary the rate of flow of fuel 
through the second valve arrangement (18), thereby to 
permit the fuel injection characteristics to be varied, in 
use. 



CVS 



0> 




Printed by Jouve, 76001 PARIS (FR) 



1 



EP 1 199 467 A2 



2 



Description 

[0001] The invention relates to a fuel system for use 
in supplying fuel to a combustion space of a compres- 
sion ignition internal combustion engine. In particular, 
the invention relates to a common rail fuel system in 
which a common rail supplies fuel at high pressure to 
one or more injectors for injecting fuel into a combustion 
space of a compression ignition internal combustion en- 
gine. 

[0002] in common rait fuel systems, it is known to con- 
trol initiation and termination of injection by means of a 
valve arrangement arranged to control the supply of 
high pressure fuel along a supply path from the common 
rail to the injectors forming part of the fuel system. It is 
also known to control initiation and termination of injec- 
tion directly by means of a control valve arrangement 
associated with the fuel injectors, for example by directly 
controlling movement of the valve needles forming part 
of the injectors. The control valve arrangement may be 
arranged to control valve needle movement by mechan- 
ical means or by hydraulic means. 
[0003] By way of background to the present invention, 
DE 1 99 30 276 describes a common rail system in which 
a control valve is arranged within the high pressure fuel 
supply path to control the supply of fuel to the injectors. 
[0004] In such systems, it is desirable to be able to 
vary the injection rate, and other fuel injection charac- 
teristics. WO 96/41 945 describes a fuel system in which 
a fuel injection rate shaping device is provided to control 
the rate of flow of fuel into the engine. The fuel injection 
rate shaping device takes the form of one or more rate 
shaping transfer passages having predetermined 
lengths and diameters specifically designed to enable a 
selection of desired injection pressure rate shapes to be 
achieved. Fuel is supplied to the rate shaping transfer 
passages from an accumulator, and a valve arrange- 
ment Is provided to select the transfer passage required 
to give the desired injection characteristics. One prob- 
lem with the system is that the transfer passages must 
be of relatively long length. Additionally, it is necessary 
to provide a pressure damping device at the outlet of the 
accumulator to minimise pressure waves set up in the 
transfer passages. 

[0005] It is an object of the present invention to pro- 
vide an improved fuel system which enables the injec- 
tion rate, or other fuel injection characteristics, to be var- 
ied, in use. 

[0006] According to the present invention, there is 
provided a fuel system for use in an internal combustion 
engine, the fuel system comprising a source of high 
pressure fuel for supplying fuel to an injector through a 
fuel supply path having a substantially fixed flow length, 
a first valve arrangement for controlling initiation of fuel 
injection and a second valve arrangement comprising a 
valve member which is operable between first and sec- 
ond positions to vary the restriction to fuel flow through 
the second valve arrangement, thereby to vary the rate 



of flow of fuel to the injector so as to permit the fuel in- 
jection characteristics to be varied, in use. 
[0007] Preferably, the source of fuel takes the form of 
a common rail charged with fuel at high pressure. 

$ [0008] Preferably, the first valve arrangement is also 
arranged to control termination of fuel injection. 
[0009] The first valve arrangement may be arranged 
within the fuel supply path or may be arranged to control 
operation of the fuel injector directly. 

w [0010] The fuel system may be arranged such that the 
valve member is moveable between a first position in 
which the flow of fuel to the injector is restricted and a 
second position in which the flow of fuel to the injector 
is substantially unrestricted, movement of the valve 

is member between the first and second positions, in use, 
permitting the rate of flow of fuel through the second 
valve arrangement, to be supplied to the injector, to be 
varied. 

[001 1 ] The invention provides the advantage that the 
20 fuel injection characteristics, such as the fuel injection 
rate, can be varied. In particular, relatively low fuel in- 
jection rates can be controlled with improved accuracy. 
[0012] The valve member of the second valve ar- 
rangement is preferably moveable within a bore provid- 
es ed in a valve housing. 

[0013] In one embodiment of the invention, the sec- 
ond valve arrangement may take the form of a spool 
valve comprising a spool valve member. 
[0014] The bore provided in the valve housing and the 
30 spool valve member may be shaped such that, when 
the spool valve member is in its first position, the bore 
and the spool valve member define a restricted flow path 
for fuel to be supplied to the injector and, when the spool 
valve member is in its second position, the bore and the 
55 spool valve member define a substantially unrestricted 
flow path for fuel to be supplied to the injector. 
[001 5] The spool valve member may be shaped such 
that it is of variable diameter along its axial length. For 
example, the spool valve member may include a first 
40 region of reduced diameter and a second region of en- 
larged diameter, whereby when the spool valve member 
is in the first position the enlarged diameter region de- 
fines, together with the bore, the restricted flow path 
and, when the spool valve member is in the second po- 
45 sition the reduced diameter region defines, together with 
the bore, the substantially unrestricted flow path. 
[0016] Alternatively, the spool valve member may be 
provided with fiats, grooves or recesses which define, 
together with the bore, either the restricted flow path for 
so fuel or the substantially unrestricted flow path for fuel 
depending on the position of the spool valve member. 
[0017] In one embodiment, the valve member of the 
second valve arrangement is provided with an axially 
extending passage which communicates with a first ra- 
55 dially extending passage of relatively small flow area, 
for example of relatively small diameter, and a second 
radially extending passage of larger flow area, the valve 
member being arranged such that, when it is in the first 
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position, fuel flow through the second radially extending 
passage of larger flow area is substantially prevented 
and fuel is able to flow through the first radially extending 
passage into the axially extending passage, and when 
the valve member is in the second position fuel is able 
to flow through the second radially extending passage 
into the axially extending passage, thereby to permit the 
rate of flow of fuel through the second valve arrange- 
ment to be varied, in use, depending on the position of 
the valve member. 

[001 8] Preferably, the valve member may be urged to- 
wards the first position by means of a spring housed 
within a spring chamber for receiving fuel, the spring 
chamber communicating with a low pressure fuel reser- 
voir through an additional restricted flow passage such 
that, upon movement of the valve member away from 
the first position under the influence of hydraulic pres- 
sure, fuel is displaced to the low pressure fuel reservoir 
through the additional restricted flow passage. 
[0019] In an alternative embodiment of the invention, 
the second valve arrangement comprises a valve mem- 
ber which is engageable with a first seating to control 
the rate of flow of fuel supplied to the injector. 
[0020] The valve member is conveniently arranged 
such that, when in the first position it is seated against 
the first seating to prevent the flow of fuel therepast and, 
when in the second position it is spaced away from the 
first seating such that the bore and the valve member 
define a substantially unrestricted flow path for fuel 
through which high pressure fuel flows to the injector. 
[0021] The second valve arrangement preferably 
comprises a restricted flow path for fuel such that, when 
the valve member is in the first position, fuel flows 
through the restricted flow path to the injector. 
[0022] The restricted flow path may be defined by a 
passage, or drilling, provided in the valve member. Al- 
ternatively, the restricted flow path may be defined by a 
passage or drilling provided in the valve housing. In a 
further alternative embodiment, the seating for the valve 
member, and/or the surface of the valve member which 
seats against the seating, may be shaped to define the 
restricted flow path. 

[0023] The valve member of the second valve ar- 
rangement may be enagageable with a second seating 
when in the second position , the valve membercompris- 
ing an axially extending passage including a region of 
restricted diameter, whereby when the valve member is 
in the first position it is seated against the first seating 
such that fuel is unable to flow past the first seating but 
flows through the region of restricted diameter into the 
axially extending passage, and when the valve member 
is in the second position it is able to flow past the first 
seating into a further passage provided in the valve 
member which communicates with the axially extending 
passage downstream of the region of reduced diameter, 
thereby to define a substantially unrestricted by-pass 
flow path for fuel th rough the second valve arrangement. 
[0024] The second valve arrangement may be actua- 



ble by means of an actuator arrangement. For example, 
the second valve arrangement may be actuable by 
means of an electromagnetic actuator arrangement. 
[0025] Alternatively, the second valve arrangement 

5 may be actuable by means of hydraulic pressure acting 
on a surface associated with a valve member of the sec- 
ond valve arrangement to move the valve member be- 
tween the first and second positions. 
[0026] In one embodiment, the valve member may 

10 urged towards the first position by means of a spring 
housed within a spring chamber for receiving fuel, the 
spring chamber communicating with a low pressure fuel 
reservoir through an additional restricted flow passage 
such that, upon movement of the valve member away 

is from the first position under the influence of hydraulic 
pressure, fuel is displaced to the iow pressure fuel res- 
ervoir through the additional restricted flow passage. 
[0027] In one embodiment, the valve member of the 
second valve arrangement may be provided with an ax- 

20 tally extending passage which communicates with a first 
radially extending passage or drilling of relatively small 
flow area and a second radially extending passage or 
drilling of larger flow area, whereby when the valve 
member is in the first position, fuel flow through the sec- 

25 ond radially extending passage of larger flow area is 
substantially prevented and fuel is able to flow through 
the first radially extending passage into the axially ex- 
tending passage, and when the valve member is in the 
second position fuel is able to flow through the second 

30 radially extending passage into the axially extending 
passage, thereby to permit the rate of flow of fuel 
through the second valve arrangement to be varied, in 
use, depending on the position of the valve member. 
[0028] The invention will now be described, by way of 

35 example only, with reference to the accompanying 
drawings in which: 

Figure 1 is a schematic diagram of a fuel system in 
accordance with a first embodiment of the inven- 
40 tion, 

Figures 2 and 3 show sectional views of a valve 
member forming part of the fuel system in Figure 1 
when in first and second positions respectively, 

45 

Figure 4 shows a sectional view of an alternative 
valve member which may form part of the fuel sys- 
tem in Figure 1 , 

so Figures 5 and 6 show sectional views of alternative 
valve members which may form part of the fuel sys- 
tem in Figure 1 , 

Figures 7 and 8 show schematic views of an alter- 
55 native fuel system to that shown in Figure 1 , when 
in first and second injecting states respectively, 

Figures 9 to 14 show sectional views of various al- 
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ternative valve members for use in the fuel system 
in Figures 7 and 8, and 

Figure 15 is a schematic diagram of a further alter- 
native fuel system in accordance with the present 
invention. 

[0029] Referring to Figure 1 , a common rail fuel sys- 
tem includes a common rail 1 0 charged with fuel at high 
pressure by means of a high pressure fuel pump (not 
shown) in a conventional manner. The common rail 10 
delivers fuel to an injector 12 forming part of the fuel 
system. Fuel from the common rail 10 flows through a 
fuel supply path 14 which presents a fixed flow area to 
fuel flow therethrough and which has a fixed flow length 
through which fuel flows to the injector 12. A first valve 
arrangement 16 is arranged within the supply path 14, 
the first valve arrangement 1 6 taking the form of a main 
control valve. The fuel supply path 14 is also provided 
with a second valve arrangement 18 which takes the 
form of an injection rate control valve. The fuel supply 
path 14 includes an inlet region 14a arranged upstream 
of the injection rate control valve 1 8 and an outlet region 
14b arranged downstream of the injection rate control 
valve 18. The rate control valve 18 may be located In 
the supply path 14 either in "Position r or in "Position 
2", as indicated by the dashed lines. 
[0030] In practice, the fuel system will include a plu- 
rality of injectors, depending on the number of engine 
cylinders in the associated engine, the common rail 10 
supplying fuel at high pressure to each one of the injec- 
tors, in use. The main control valve 16 is operable to 
control the supply of fuel from the common rail 1 0 to the 
injector 12 in a conventional manner and, hence, con- 
trols the timing of initiation and termination of fuel injec- 
tion. The injector 12 may be of the type in which the in- 
jection nozzle comprises a valve needle which is en- 
gageable with a valve needle seating to control fuel in- 
jection through one or more fuel injector outlets. When 
the pressure of fuel supplied to the injector 12 exceeds 
a predetermined amount, a force is applied to the valve 
needle which is sufficient to cause valve needle move- 
ment away from the seating so as to initiate injection. 
The rate of fuel injection by the injector 12 depends on 
both the dimensions of the injection nozzle and on the 
pressure of fuel supplied to the injection nozzle. 
[0031] As shown in Figures 2 and 3, in a first embod- 
iment of the present invention, the rate control valve 18 
takes the form of a spool valve comprising a spool valve 
member 20 which Is slidable within a bore 22 provided 
in a valve housing 24 to vary the restriction to the flow 
of fuel through the rate control valve 1 6. The spool valve 
member 20 is of variable diameter along its axial length 
such that it includes a first region 20a of reduced diam- 
eter and a second region 20b of slightly larger diameter. 
The spool valve member 20 is moveable between a first 
position (as shown in Figure 2) in which the enlarged 
diameter region 20b of the spool valve member 20 and 



the adjacent part of the bore 22 define a restricted flow 
passage 26 for fuel. When the spool valve member 20 
is moved to a second position (as shown in Figure 3), 
the reduced diameter region 20a of the spool valve 

s member 20 defines, together with the adjacent part of 
the bore 22, a substantially unrestricted flow passage 
28 for fuel flowing through the rate control valve 18. 
[0032] The rate control valve 1 8 may be controlled by 
means of an electromagnetic actuator arrangement 30 

w by supplying a variable current to a winding to control 
the force applied to the spool valve member 20 to cause 
movement thereof within the bore 22. 
[0033] Operation of the main control valve arrange- 
ment 1 6 is conveniently controlled by means of an elec- 
ts tromagnetic actuator arrangement (not shown). Opera- 
tion of the main control valve arrangement 16 may be 
achieved directly by means of the electromagnetic ac- 
tuator or may be controlled through a hydraulic link, as 
described previously with reference to control of the rate 

20 control valve 18. 

[0034] In use, when it is desired to inject fuel from the 
injector 1 2 at a relatively low injection rate, the main con- 
trol valve 16 is operated such that fuel is able to flow 
from the common rail 10, through the fuel supply path 

25 14 to the injector 12. Upon opening of the main control 
valve 1 6, the pressure of fuel supplied to the injector 12 
increases until such time as the valve needle forming 
part of the injector 12 is caused to lift from its seating to 
permit fuel to flow through the fuel injector outlets. 

30 [0035] With the spool valve member 20 in the first po- 
sition (as shown in Figure 2), such that a substantial re- 
striction to fuel flow is provided by the restricted flow 
passage 26, the pressure of fuel supplied through the 
supply path 1 4 to the injector 1 2 is reduced due to the 

35 presence of the restriction 26. As the fuel injection rate 
depends on fuel pressure within the injection nozzle, the 
rate of fuel injection is relatively low. 
[0036] When it is desired to inject fuel at a higher rate, 
the rate control valve 1 8 is operated such that the spool 

to valve member 20 moves to the second position in which 
the flow of fuel through the rate control valve 1 8 is sub- 
stantially unrestricted. The pressure of fuel supplied to 
the injector 12 through the supply path 14 is therefore 
maintained at a relatively high level such that a relatively 

45 high rate of fuel injection is achieved. 

[0037] By providing an additional control valve in the 
supply path 1 4, in addition to the main control valve 1 6, 
relatively low injection rates can be achieved and can 
be controlled with improved accuracy, ft is known to con- 

50 trol the injection rate by providing a three-position main 
control valve, in which movement of the valve between 
open, closed and partially closed positions enables a 
degree of control of the Injection rate. However, it is dif- 
ficult to control relatively low rates of fuel injection with 

55 accuracy using such systems . The present invention al- 
so provides the advantage that only a single fuel supply 
path 14 is required, the rate of fuel flow through the sup- 
ply path 14 being controlled by varying the restriction to 
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fuel flow through the rate control valve 18. 
[0038] In an alternative embodiment (not shown) to 
that shown In Figures 2 and 3, the spool valve member 
20 may be provided with flats, slots, grooves or recesses 
to enable the restriction to the flow of fuel to be varied 
depending on the position of the spool valve member 20. 
[0039] Alternatively, and as shown in Figure 4, the 
rate control valve 1 8 may be servo operated by means 
of a hydraulic link between an electromagnetically op- 
erated valve 1 9 and the rate control valve 18. The elec- 
tromagnetically operated valve 1 9 controls communica- 
tion between a low pressure fuel reservoir 1 7 and a first 
chamber 21 associated with one end of the spool valve 
member 20, the valve 19 being operable to control the 
force due to fuel pressure within the first chamber 21 
which acts on the spool valve member 20. The force due 
to fuel pressure within the first chamber 21 acts, in com- 
bination with a force due to resilient bias means 23, 
against the force due to fuel pressure within a second 
chamber 25 defined by a recess provided in the spool 
valve member 20 and a surface of a static pin member 
29. In use, fuel is supplied to the second chamber 25 
through a drilling 27 provided in the spool valve member 
20. It will be appreciated that the position of the spool 
valve member 20 within the bore 22 will be determined 
by the balance of hydraulic forces acting on the spool 
valve member 20 which, in turn, is determined by the 
state of the electromagnetically operated valve 19. 
[0040] Referring to Figure 5, there is shown a further 
alternative type of rate control valve 18 for use in the 
fuel system shown in Figure 1 . The rate control valve 1 8 
comprises a valve member 40 which is engageable with 
a seating 22a defined by the bore 22 within which the 
valve member 40 is moveable to control the flow of fuel 
through the rate control valve 1 8. The valve housing 24 
is provided with a drilling which defines a restricted flow 
passage 42 for fuel between the inlet region 14a of the 
fuel supply path 14 and an annular chamber 44 defined 
by the bore 22. The annual chamber 44 communicates 
with the outlet region 1 4b of the fuel supply path 1 4 such 
that, when the valve member 40 is in its seated position 
(as shown in Figure 5), fuel flows through the restricted 
flow passage 42, into the annular chamber 44 and into 
the outlet region 14b of the fuel supply path 14 to the 
injector. With the valve member 40 in the first position, 
the pressure of fuel supplied to the injector 1 2 is reduced 
such that a lower fuel Injection rate is achieved, as de- 
scribed previously. 

[0041 ] The valve member 40 is moveable to a second 
position in which it is spaced away from the seating 22a 
such that a substantially unrestricted flow passage for 
fuel is defined between the valve member 40 and the 
seating 22a. With the valve member 40 spaced away 
from the seating 22a, the flow of fuel through the rate 
control valve 18 therefore bypasses the restricted flow 
passage 42 and is able to flow past the seating 22a, and 
through the outlet region 14b of the supply path 14 to 
the injector 12. When the valve member 40 is moved 



away from the seating 22a, the pressure of fuel supplied 
to the injector 1 2 Is maintained at a relatively high pres- 
sure such that a higher injection rate is achieved. It will 
be appreciated that the restriction to fuel flow along the 

5 supply path 1 4 can be varied by controlling the position 
of the valve member 40 relative to the seating 22a such 
that relatively low fuel injection rates can be achieved 
and can be controlled accurately. 
[0042] Referring to Figure 6, in a further alternative 

10 embodiment, the rate control valve 1 8 includes a valve 
member 40 provided with a drilling 50 which defines a 
restricted flow passage for fuel. The valve member 40 
is moveable between a first position, in which it is seated 
against the seating 22a, and a second position in which 

is it is spaced away from the seating 22a, as described 
previously. When the valve member 40 is seated against 
the seating 22a, fuel delivered to the inlet region 14a of 
the supply path 1 4 flows through the drilling 50 provided 
in the valve member 40 such that the flow of fuel to the 

20 injector 12 is restricted. This results in a relatively low 
pressure of fuel being delivered to the injector such that 
a relatively low injection rate is achieved. 
[0043] In order to increase the fuel injection rate, the 
valve member 40 is moved away from the seating 22a 

25 such that the drilling 50 is bypassed and the flow of fuel 
through the rate control valve 1 8 is substantially unre- 
stricted. The pressure of fuel supplied to the injector is 
therefore relatively high, resulting in a higher injection 
rate. 

30 [0044] In an alternative embodiment to those shown 
in Figures 5 and 6, the seating 22a for the valve member 
40 may be shaped to define a restricted flow path for 
fuel when the valve member 40 is seated. Alternatively, 
or in addition, the surface of the valve member 40 which 

35 is engageable with the seating 22a may be shaped to 
define the restricted flow path. 
[0045] An alternative embodiment of the fuel system 
is shown in Figure 7, in which the rate control valve 18 
takes the form of a spool valve which is operable hy- 

40 draulically, rather than being operated by means of an 
actuator arrangement. The rate control valve 18 in- 
cludes a spool valve member 60 including a region 60a 
of reduced diameter. The spooi valve member 60 is sl- 
idable within a bore 62 including an enlarged diameter 

45 region in communication with the inlet region 14a of the 
fuel supply path 14, the bore further defining a surface 
62a downstream of said enlarged region. The spooi 
valve member 60 is movable between a first position (as 
shown in Figure 7) in which a restricted flow path 63 for 

so fuel is defined by the outer surface of the reduced diam- 
eter region 60a of the spool valve member 60 and the 
surface 62a of the bore 62, and a second position (as 
shown in Figure 8) in which the spool valve member 60 
is spaced away from the surface 62a to define, together 

55 with the enlarged region of the bore 62, a substantially 
unrestricted flow path 67 for fuel. The spool valve mem- 
ber 60 is urged into the first position by means of a first 
spring 64 which is arranged within a spring chamber 66 
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associated with one end of the spool valve member 60. 
The spring chamber 66 communicates with a low pres- 
sure fuel reservoir 68 through a flow passage 70 provid- 
ed with a restriction 70a. A further chamber 65 is defined 
by the bore 62 in communication with the outlet region 
14b of the fuel supply path 14. 
[0046] The injector 12 is shown in further detail in Fig- 
ure 7 and includes a vatve needle 80 which is urged to- 
wards a valve needle seating by means of a nozzle 
spring 82, movement of the valve needle 80 away from 
the valve needle seating against the force due to the 
nozzle spring 82 causing fuel delivered to the injector 
1 2 to flow through one or more outlet openings 86 of the 
injector into the engine cylinder or other combustion 
space. 

[0047] In use, when it is desired to inject fuel from the 
injector 1 2 at a relatively low injection rate, the main con- 
trol valve 1 6 is operated such that fuel is able to flow 
from the common rail 10, through the fuel supply path 
14 to the injector 12. Upon opening of the main control 
valve 1 6, the pressure of fuel supplied to the injector 1 2 
increases until such time as the valve needle 80 is 
caused to lift from its seating, against the force due to 
the nozzle spring 82, to permit fuel to flow through the 
fuel injector outlet openings 66. With the spool valve 
member 60 in its first position (as shown in Figure 7), 
such that the flow of fuel through the rate control valve 
1 8 is restricted by means of the restricted flow path 63, 
the pressure of fuel supplied through the supply path 14 
to the injector 1 2 is relatively low. In such circumstances, 
as the fuel injection rate from the injector 12 depends 
on the fuel pressure delivered to the injection nozzle, 
the rate of fuel Injection is relatively low. 
[0048] As the pressure of fuel delivered through the 
inlet region 14a to the further chamber 65 increases, the 
spool valve member 60 will be urged away from the first 
position into the second position (as shown in Figure 8) 
against the force due to the first spring 64. Movement 
of the spool valve member 60 into the position shown in 
Figure 8 will be delayed as fuel within the spring cham- 
ber 66 is displaced through the restricted flow passage 
70, 70a to the low pressure fuel reservoir 68. Once the 
spool valve member 60 has moved into its second po- 
sition, the rate of flow of fuel through rate control valve 
18 will be substantially unrestricted, resulting in an in- 
crease in fuel pressure delivered to the injector 1 2 and, 
hence, an increase in the rate of fuel injection through 
the outlet openings 86. 

[0049] When injection Is to be terminated, the main 
control valve 1 6 is closed such that fuel is no longer sup- 
plied from the common rail 1 0 to the inlet region 14a of 
the supply path 14. Fuel pressure within the inlet and 
outlet regions 14a, 14b of the fuel supply path 14 is 
therefore reduced and the valve needle 80 is urged 
against the valve needle seating by means of the nozzle 
spring 82. The pressure of fuel within the inlet and outlet 
regions 14a, 14b of the fuel supply path 14, and the pres- 
sure of fuel within the injector 80, is reduced further as 



fuel is able to leak to low pressure through valve clear- 
ances in one or more of the valve arrangements 1 6, 1 8 
and/or the injector 12. As the pressure of fuel acting on 
the spool valve member 60 to urge the spool valve mem- 

5 ber 60 away from the surface 62a is reduced, the spool 
valve member 60 is returned to the first position (as 
shown in Figure 7) under the action of the first spring 64 
and a force due to fuel which flows back through the 
restricted flow passage 70, 70a into the spring chamber 

10 66. In practice, it may be necessary to slightly pressurise 
the low pressure reservoir 68 to ensure the spring cham- 
ber 66 is pressurised to a sufficient level, ready for the 
next injection cycle. 

[0050] Figures 9(a) and 9(b) show different sectional 
15 views of an alternative type of rate control valve 1 8 for 
use in the fuel system shown in Figure 7. As can be seen 
most clearly in Figure 9(b), one end of the spool valve 
member 60 is provided with laterally opposed flats 90. 
Depending upon the position of the spool valve member 
20 60 within the bore 62, either the flattened regions 90 of 
the spool valve member 60 cooperate with the surface 
62a of the bore 62 to define a restricted flow path for 
fuel between the inlet region 14a and the outlet region 
1 4b, or the spool valve member 60 is spaced away from 
25 the surface 62a to define a substantially unrestricted 
flow path for fuel between the inlet region 14a and the 
outlet region 1 4b. Operation of the fuel system is similar 
to that described previously with reference to Figures 7 
and 8 and so will not be described in further detail here- 
to inafter. 

[0051] Figures 10 to 12 show further alternative forms 
of the rate control vatve 1 8 for use in the fuel system of 
Figure 7. In Figure 10, the valve member 160 is provided 
with a drilling which defines a first, axially extending pas- 

35 sage 92 which communicates, at one end, with the fur- 
ther chamber 65. The other end of the axially extending 
passage 92 communicates with a further drilling which 
defines a radially extending passage 94 of restricted di- 
ameter. The valve member 160 is shaped, at its lower- 

40 most end, to cooperate with the surface 62a such that, 
when in a first position in which the valve member 160 
Is adjacent the surface 62a, fuel is substantially prevent- 
ed from flowing past the surface 62a into the further 
chamber 65 but is able to flow through the restricted pas- 

45 sage 94, into the axially extending passage 92 and, 
hence, into the outlet region 14b for delivery to the in- 
jector 12. In such circumstances, the rate of flow of fuel 
through the supply path 14 to the injector 12 is relatively 
low such that the rate of fuel injection through the outlet 

so openings 86 of the injector 12 will be relatively low. 
[0052] As fuel pressure within the further chamber 65 
increases, the valve member 160 will be urged away 
from the surface 62a due to increased hydraulic forces 
acting on the valve member 160, against the force due 

55 to the first spring 64, thereby displacing fuel within the 
spring chamber 66 through the restricted passage 70, 
70a and to the low pressure fuel reservoir 68 and per- 
mitting fuel to flow through a relatively unrestricted flow 
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path defined between the valve member 160 and the 
surface 62a to the injector 12. After an initial period of 
time during which the valve member 160 displaces fuel 
within the spring chamber 66 to the low pressure fuel 
reservoir 68, the rate of flow of fuel through the supply 
path 14 to the injector 12 will be increased, resulting in 
a higher rate of fuel injection through the outlet openings 
86 of the injector 12. 

[0053] The rate control valve 1 8 in Figure 1 1 operates 
in a similar way to the rate control valve shown in Figure 
1 0 except that, when the valve member 1 60 is in its first 
position in which cooperation between the valve mem- 
ber 160 and the surface 62a substantially prevents the 
flow of fuel from the inlet region 1 4a to the further cham- 
ber 65, the restricted flow path for fuel is defined by a 
drilling provided in a housing which defines a restricted 
flow passage 96. 

[0054] Figure 1 2 shows a further alternative rate con- 
trol valve 18 in the form of a spool valve, including a 
spool valve member 260 of increased axial length. The 
spool valve member 260 is provided with a drilling which 
defines an axiaily extending passage 98 of relatively 
large diameter through which fuel flows at a relatively 
unrestricted rate, a further drilling which defines a first 
transverse passage 102 of substantially unrestricted di- 
ameter through which fuel flows at a relatively unrestrict- 
ed rate and an additional drilling which defines a radially 
extending passage 1 00 of a relatively small diameter 
through which fuel flows at a restricted rate. 
[0055] In the position shown in Figure 12, fuel deliv- 
ered to the inlet region 14a of the fuel supply path 14 is 
able to flow through a restricted flow path defined by the 
radially extending passage 100 and the axiaily extend- 
ing passage 98 to the outlet region 14b of the supply 
path 1 4 and, hence, to the injector 1 2. As the spool valve 
member 260 is urged in an upward direction (in the il- 
lustration shown in Figure 12) against the force due to 
the first spring 64, due to hydraulic pressure acting on 
the valve member 260, the spool valve member 260 is 
moved to a second position in which the fuel within the 
inlet region 14a of the supply path 14 is able to flow 
through the first transverse passage 102 of unrestricted 
diameter, into a region of the axiaily extending passage 
98 downstream of the point of communication with the 
radially extending passage 1 00 and, hence, into the out- 
let region 1 4b for delivery to the injector 1 2. Thus, when 
the spool valve member 260 is in the second position, 
the flow of fuel to the injector 1 2 through the rate control 
valve 18 is substantially unrestricted such that an in- 
creased rate of fuel injection through the outlet openings 
86 is achieved. The spool valve member 260 may be 
configured such that the flow of fuel through the first ra- 
dially extending passage 100 is prevented when the 
valve member 260 Is in the second position, but this is 
not essential. 

[0056] For any of the rate control valves 1 8 shown in 
Figures 7 to 12, the flow of fuel through the rate control 
valve 16 may be in the reverse direction such that the 



'outlet region' 14b communicates with the common rail 
1 0 and the 'inlet 1 region 14a delivers fuel to the injector 
12. Thus, when the pressure of fuel delivered to the inlet 
side of the rate control valve 18 (i.e. the outlet region 

5 14b) increases, the valve member 60 is urged away 
from a first position, in which a restricted flow path for 
fuel is defined in the fuel supply path 14, into a second 
position in which the rate of flow of fuel to the injector 
12 is substantially restricted. 

w [0057] Figures 13 and 14 show a still further alterna- 
tive form of the rate control valve 1 8 in which the valve 
member 360 is arranged within an axiaily extending fuel 
supply path 14. The supply path 14 is shaped to define 
first and second stepped surfaces 1 03, 1 04 respectively 

is with which the valve member 360 is engagable when in 
its first and second operating positions respectively. The 
fuel supply path 1 4 is also shaped to include an enlarged 
region which defines the spring chamber 66 within which 
the first spring 64 is arranged to urge the valve member 

20 360 into the first position in which it engages the first 
stepped surface 1 03. The valve member 360 is provided 
with an axiaily extending passage 106 which communi- 
cates, at one end, with the outlet region 1 4b of the supply 
path 14 and which includes, at the other end, a region 

25 1 08 having a relatively small flow area In communication 
with the inlet region 1 4a of the supply path 1 4. The valve 
member 360 is also provided with a radially extending 
passage 1 1 0 which presents a substantially unrestricted 
flow area to fuel, the radially extending passage 1 1 0 be- 

30 ing in communication with the axiaily extending passage 
106 downstream of the restricted region 108. 
[0058] When the valve member 360 is in its first posi- 
tion (as shown in Figure 13), the upper end of the valve 
member 360 is in engagement with the first stepped sur- 

35 face 1 03 such that fuel within the inlet region 1 4a is un- 
able to flow past the first stepped surface 1 03 into the 
radially extending passage 1 1 0 but flows through the re- 
stricted region 108, into the axiaily extending passage 
1 06 and to the outlet region 1 4b for delivery to the injec- 

40 tor 1 2. The rate of flow of fuel to the injector 1 2 is there- 
fore relatively low such that a relatively low rate of fuel 
injection is achieved, as described previously. 
[0059] As fuel pressure within the inlet region 14a of 
the supply path 1 4 increases, the valve member 360 will 

45 be urged away from the first stepped surface 103, 
against the force due to the first spring 64 and also 
against increased fuel pressure within the spring cham- 
ber 66, due to the increased hydraulic force applied to 
the upper end surface of the valve member 360. The 

50 vafve member 360 Is urged into engagement with the 
second stepped surface 104 (as shown in Figure 14) 
such that fuel within the inlet region 14a is able to flow 
past the first stepped surface 103, by-passing the re- 
stricted region 1 08, and into the transverse passage 1 1 0 

55 of substantially unrestricted diameter. Under such cir- 
cumstances, the rate of flow of fuel through the supply 
path 14 is substantially unrestricted such that the rate 
of fuel injection through the outlet openings 86 of the 
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injector 12 is relatively high, as described previously. 
Movement of the valve member 360 into the position 
shown in Figure 14 will be delayed slightly, as for previ- 
ously described embodiments, as fuel within the spring 
chamber 66 is displaced through the restricted flow pas- 
sage 70, 70a to the low pressure fuel reservoir 68. 
[0060] The flow of fuel through the rate control valve 
18 may also be reversed in the embodiments shown in 
Figures 13 and 14, as discussed previously. 
[0061] Figure 1 5 shows a further alternative embodi- 
ment of the invention in which the rate control valve 18 
is arranged within the fuel supply path 14, but in which 
initiation and termination of fuel injection by the injector 
1 2 is controlled directly by means of a control valve 1 6a. 
The rate control valve 1 8 in Figure 1 5 may take the form 
of any of the valve arrangements shown in Figures 2 to 
6. Typically, the main control valve 16a may take the 
form of an electromagnetic actuator arrangement for 
controlling movement of a vaive needle of the injector 
12 directly or by hydraulic means in a manner which 
would be famliiar to a person skilled in the art. As de- 
scribed previously, initiation and termination of injection 
is controlled by operating the control valve 16a, and the 
injection rate is controlled by controlling operation of the 
rate control vaive 1 8. 

[0062] The invention provides a means for controlling 
the initiation and duration of the relatively low rate por- 
tion of fuel injection either using a solenoid (as shown 
in Figures 2 to 6), or preset (as shown in Figures 7 to 
1 4). In some circumstances, for example for some com* 
binations of engine speed, load and timing, it may be 
desirable for injection at relatively low rates to be avoid- 
ed. In such circumstances, when solenoid controlled, 
the valve member of the rate control valve 18 can be 
maintained in a position in which the flow of fuel to the 
injector 12 is substantially unrestricted. Alternatively, it 
may be desirable to have a low injection rate of relatively 
long duration and this can be achieved by maintaining 
the valve member in the position which restricts the flow 
of fuel to the injector 12 for a relatively long period. For 
the embodiments shown in Figures 7 to 14, where the 
rate control valve 18 is controlled hydraulically, the di- 
mensions of the valve member 60, 160, 260, 360 and 
of the restriction 70a, and the size of the first spring 64 
are selected to ensure the desired injection character- 
istics are achieved. 

[0063] it Is an important aspect of the present inven- 
tion that the fuel supply path 14 has a fixed flow length 
through which fuel flows from the common rail 10 to the 
injector 12. It will be appreciated that although move- 
ment of the valve member 20, 40, 60, 1 60, 260, 360 may 
alter the actual path through which fuel flows (for exam- 
ple, through the drilling 96 or past the surface 62a in 
Figure 11), this does not substantially alter the flow 
length of the supply path and such 're-directing* of the 
flow only alters the rate at which fuel flows to the injector 
12 by varying the restriction to fuel flow, it will also be 
appreciated that the fuel supply path 1 4 may branch into 



two or more separate paths whilst still maintaining a 
fixed flow length between the common rail 1 0 and the 
injector 12. 

[0064] Although the embodiments of the invention are 
5 described as common rail fuel systems, It will be appre- 
ciated that the fuel source 10 may take an alternative 
form. 



io Claims 

1 . A fuel system for use in an internal combustion en- 
gine comprising; a source of high pressure fuel for 
supplying fuel to an injector (12) through a fuel sup- 
's ply path (14) having a substantially fixed flow length , 
a first valve arrangement (16) for controlling initia- 
tion of fuel injection, and a second valve arrange- 
ment (1 8) comprising a vaive member (20) which is 
operable between first and second positions to vary 
20 the restriction to fuel flow through the second valve 
arrangement (18), thereby to vary the rate of flow 
of fuel to the injector (12) so as to permit the fuel 
injection characteristics to be varied, in use. 

25 2. The fuel system as claimed in Claim 1 , wherein the 
source of fuel takes the form of a common rail (10) 
charged with fuel at high pressure. 

3. The fuel system as claimed in Claim 1 or Claim 2, 
30 wherein the first valve arrangement (1 6) is also ar- 
ranged to control termination of fuel injection. 

4. The fuel system as claimed in any of Claims 1 to 3, 
wherein the first valve arrangement (16) is arranged 

35 within the fuel supply path (14). 

5. The fuel system as claimed in any of Claims 1 to 4, 
wherein the second valve arrangement (18) is ar- 
ranged such that, when the valve member (20) is in 

40 the first position, the flow of fuel through the second 
valve arrangement (1 6) is restricted and, when the 
valve member (20) is in the second position, the 
flow of fuel through the second valve arrangement 
(18) is substantially unrestricted, movement of the 

45 valve member (20) between the first and second po- 
sitions, in use, permitting the rate of flow of fuel sup- 
plied to the injector (12) to be varied. 

6. The fuel system as claimed in any of Claims 1 to 6, 
so wherein the valve member (20) of the second valve 

arrangement (18) is moveable within a bore (22) 
provided in a valve housing (24). 

7. The fuel system as claimed in Claim 6, wherein the 
55 second valve arrangement (18) comprises a spool 

valve member (20), the bore (22) provided in the 
valve housing (24) and the spool valve member (22) 
being shaped such that, when the spool valve mem- 
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ber (20) is in its first position, the bore (22) and the 
spool valve member (20) define a restricted flow 
path (26) for fuel to be supplied to the injector (12) 
and, when the spool valve member (20) is in the 
second position, the bore (22) and the spool valve 
member (20) define a substantially unrestricted flow 
path (28) for fuel to be supplied to the injector (12). 

6. The fuel system as claimed in Claim 7, wherein the 
spool valve member (20) is of variable diameter 
along its axial length, the spool valve member (20) 
including a first region of reduced diameter (20a) 
and a second region of enlarged diameter (20b) 
such that, when the spool valve member (20) is in 
the first position the enlarged diameter region (20b) 
defines, together with the bore (22), the restricted 
flow path (26) for fuel and, when the spool valve 
member (20) is in the second position, the reduced 
diameter region (20a) defines, together with the 
bore (22), the substantially unrestricted flow path 
(2B) for fuel. 

9. The fuel system as claimed in Claim 7, wherein the 
spool valve member (20) Is provided with flats which 
define, together with the bore (22), either the re- 
stricted flow path (26) for fuel or the substantially 
unrestricted flow path (26) for fuel depending on the 
position of the spool valve member (20). 

10. The fuel system as claimed in Claim 6, wherein the 
valve member (260) is provided with an axial ly ex- 
tending passage (98) which communicates with a 
first radially extending passage (100) of relatively 
small flow area and a second radially extending 
passage (102) of larger flow area, the valve mem- 
ber (260) being arranged such that, when it is in the 
first position, fuel flow through the second radially 
extending passage (102) of larger flow area is sub- 
stantially prevented and fuel is able to flow through 
the first radially extending passage (100) into the 
axialiy extending passage (98), and when the vaive 
member (260) is in the second position fuel is able 
to flow through the second radially extending pas- 
sage (102) into the axialiy extending passage (98), 
thereby to permit the rate of flow of fuel through the 
second valve arrangement (1 8) to be varied, in use, 
depending on the position of the valve member 
(260). 

11. The fuel system as claimed in any of Claims 1 to 
10, wherein the valve member (20, 260) of the sec- 
ond valve arrangement (1 8) is urged towards the 
first position by means of a spring (64) housed with- 
in a spring chamber (66) for receiving fuel, the 
spring chamber (66) communicating with a low 
pressure fuel reservoir (68) through an additional 
restricted flow passage (70) such that, upon move- 
ment of the valve member (20, 260) away from the 
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first position under the influence of hydraulic pres- 
sure, fuel is displaced to the low pressure fuel res- 
ervoir (68) through the additional restricted flow 
passage (70). 

5 

12. The fuel system as claimed in Claim 6, wherein the 
valve member (40) is engageable with a first seating 
(22a) to control the rate of fuel flow through the sin- 
gle fuel supply path and, hence, the rate of flow of 

10 fuel to the injector (12). 

13. The fuel system as claimed in Claim 12, wherein 
the second valve arrangement (18) is arranged 
such that, when the valve member (40) is in the first 

is position it is seated against the first seating (22a) to 
prevent the flow of fuel therepast and, when the 
valve member (40) is in the second position, it is 
spaced away from the first seating (22a) such that 
the bore (22) and the valve member (40) define a 

20 substantially unrestricted flow path for fuel through 
which high pressure fuel flows to the injector (12). 

14. The fuel system as claimed in Claim 13, wherein 
the second valve arrangement (1 8) comprises a re- 

25 stricted flow path for fuel such that, when the valve 
member (40) is in the first position seated against 
the first seating (22a), fuel flows th rough the restrict- 
ed flow path. 

30 15. The fuel system as claimed in Claim 14, wherein 
the restricted flow path is defined by a passage (50) 
provided in the valve member (40). 

16. The fuel system as claimed in Claim 14, wherein 
35 the restricted flow path is defined by a passage (42) 

provided in the valve housing (24). 

17. The fuel system as claimed in Claim 14, wherein 
one or more of the first seating (22a) for the valve 

*o member and a surface of the valve member (40) 
which is engageable with the first seating (22a) is 
shaped to define the restricted flow path. 

18. The fuel system as claimed in Claim 12, wherein 
*5 the vaive member (360) is enagageable with a sec- 
ond seating (104) when in the second position, the 
valve member comprising an axialiy extending pas- 
sage (106) including a region (108) of relatively 
small flow area, whereby when the valve member 

so (360) is in the first position it is seated against the 
first seating (103) such that fuel is unable to flow 
past the first seating (1 03) but flows through the re- 
gion (108) of relatively small flow area into the axi- 
aliy extending passage (106), and when the valve 

55 member (360) is in the second position it is able to 
flow past the first seating (103) into a further pas- 
sage (110) provided in the valve member (360) 
which communicates with the axialiy extending pas- 
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sage (106), thereby to define a substantially unre- 
stricted by-pass flow path for fuel through the sec- 
ond valve arrangement (18). 

19. The fuel system as claimed In Claim 18, wherein 5 
the further passage (110) communicates with a por- 
tion of the axially extending passage (106) down- 
stream of the region (108) of relatively small flow 
area. 

10 

20. The fuel system as claimed in Claim 1 8 or Claim 1 9, 
wherein the valve member (360) is urged towards 
the first position by means of a spring (64) housed 
within a spring chamber (66) for receiving fuel, the 
spring chamber (66) communicating with a low w 
pressure fuel reservoir (68) through an additional 
restricted flow passage (70) such that, upon move- 
ment of the valve member (360) away from the first 
position under the influence of hydraulic pressure, 
fuel is displaced to the low pressure fuel reservoir 20 
(68) through the additional restricted flow passage 
(70). 

21. The fuel system as claimed in any of Claims 1 to 
20, wherein the second valve arrangement (18) is 
act Liable by means of an actuator arrangement. 

22. The fuel system as claimed in Claim 21 , wherein 
the second valve arrangement (18) is actuable by 
means of an electromagnetic actuator arrange* 30 
ment. 

23. The fuel system as claimed any of Claims 1 to 20, 
wherein the second valve arrangement (18) is ac- 
tuable by means of hydraulic pressure acting on a 35 
surface associated with a valve member of the sec- 
ond valve arrangement to move the valve member 
between the first and second positions. 



10 



EP1 199 467 A2 





12 




13 



EP1 199 467 A2 




EP 1 199 467 A2 




EP 1 199 467 A2 




16 



EP 1 199 467 A2 



FIG 15 

a 



16" 




